Abstract Men who have sex with men (MSM) are at increased risk for HIV infection in India, particularly those who engage in transactional sex with other men (i.e., male sex workers; MSW). Despite the need, HIV prevention efforts for Indian MSW are lacking. As in other settings, MSW in India increasingly rely on the use of mobile phones for sex work solicitation. Integrating mobile phone technology into an HIV prevention intervention for Indian MSW may mitigate some of the challenges associated with face-to face approaches, such as implementation, lack of anonymity, and time consumption, while at the same time proving to be both feasible and useful. This is a pilot randomized controlled trial to examine participant acceptability, feasibility of study procedures, and preliminary efficacy for reducing sexual risk for HIV. MSW (N = 100) were equally randomized to: (1) a behavioral HIV prevention intervention integrating in-person and mobile phone delivered HIV risk reduction counseling, and daily, personalized text or voice messages as motivating ''cognitive restructuring'' cues for reducing condomless anal sex (CAS); or (2) a standard of care (SOC) comparison condition. Both groups received HIV counseling and testing at baseline and 6-months, and completed ACASIbased, behavioral and psychosocial assessments at baseline, 3, and 6 months. Mixed-effects regression procedures specifying a Poisson distribution and log link with a random intercept and slope for month of follow-up was estimated to assess the intervention effect on the primary outcomes: (1) CAS acts with male clients who paid them for sex, and (2) CAS acts with male non-paying sexual partners-both outcomes assessed over the past month. The intervention was both feasible (98% retention at 6-months) and acceptable ([96% of all intervention sessions attended); all intervention participants rated the intervention as ''acceptable'' or ''very acceptable.'' A reduction in the reported number of CAS acts with male clients who paid them for sex in the past month was seen in both study conditions. MSW in the intervention condition reported a faster rate of decline in the number of CAS acts with male clients in the past month from the baseline to both the 3-month (B = -1.20; 95% CI -1.68, -0.73; p \ 0.0001) and 6-month (B = -2.44; 95% CI -3.35, -1.53; p \ 0.00001) assessment visits compared to the SOC condition. Post-hoc contrasts indicated that, at 3 months, participants in the intervention condition reported 1.43 (SD = 0.29) CAS acts with male clients in the past month compared to 4.85 (SD = 0.87) in the control condition (p = 0.0003).
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Introduction
Men who have sex with men (MSM) are at increased risk for HIV in India, with a prevalence rate over 18 times higher than in the general population [1] . Moreover, a large but hidden population of MSM engage in transactional sex (i.e., male sex workers; MSWs), putting them at further risk for HIV [2] . While no population-level HIV prevalence data has been published about Indian MSW, convenience samples in large metropolitan cities have reported two-fold higher rates of HIV in MSW compared to MSM who do not engage in sex work [3] [4] [5] . Similarly, surveys have found higher rates of sexual risk behaviors and inconsistent condom use with both transactional and nontransactional sex partners among MSW compared to MSM who do not engage in transactional sex [3, 4, 6] . MSW in India, where the illegality of same-sex intercourse has been upheld by the Supreme Court, face multilevel and complex risk factors for HIV including social stigma, discrimination and criminalization-by defying norms of both sexual behavior and employment [7] . This stigma, discrimination and potential for criminalization further marginalize Indian MSW, and, as a result, reduce their access to HIV treatment and prevention services and increase HIV transmission and acquisition risks [7] . HIV prevention efforts in India have focused on traditional risk groups including MSM who don't engage in sex work, female sex workers and their clients, and injection drug users; however, specific interventions for Indian MSW are lacking and much needed [8] .
Advances in mobile phone technologies in India has made sex work increasingly dispersed [9, 10] . Moreover, given that traditional in-person interventions may present important challenges to Indian MSW, including transportation costs, scheduling difficulties and lack of anonymity, using mobile phones as part of an HIV prevention strategy may prove effective for general prevention efforts, but may be most useful for Indian MSW in particular. As evidenced by the effectiveness of mobile phone interventions in other contexts such as in promoting medication adherence, mobile phone counseling as a psychosocial intervention or sending tailored text messages to mobile phones may prove effective in reducing risk behaviors (e.g., condomless anal sex) and increasing protective behaviors (e g., HIV/STI testing) and by acting as reminders of intervention content [11] .
The current study is part of a program of research to fully develop and test a culturally relevant, theory-based HIV risk reduction intervention using mobile phone technology for MSW in Chennai, India. The intervention was informed by in-depth qualitative feedback from MSW and key informants (KI) from the MSM community in Chennai. Guided by empowerment theory and using motivational interviewing techniques, the intervention was designed to facilitate personal strategies and problem solving skills for sexual risk reduction [12, 13] . We conducted an open pilot trial of the intervention to determine the feasibility of study procedures and participant acceptability. A major goal of this study was to further assess feasibility and acceptability and to assess preliminary efficacy for reducing condomless anal sex (CAS) acts among MSW in this setting. We hypothesized that MSW who were assigned to the intervention condition would reduce HIV risk behavior in greater magnitude compared to MSW assigned to standard of care (SOC) alone. The current paper describes the outcome data from an initial pilot randomized controlled trial. The study's premise was that if the intervention shows promise, future testing in a fully powered efficacy trial over a longer follow-up period to fully assess sustained effects, as well as a trial examining the cost-effectiveness of the integrated in-person counseling and mobile phone delivered intervention compared to face-to-face or a time-matched control group would be justified.
Methods

Participants and Procedures
This was a two-arm, pilot randomized controlled trial with 1:1 allocation ratio. A total of 129 individuals were screened for study eligibility; 29 of these men were not eligible because they did not meet inclusion criteria. The remaining 100 were eligible based on inclusion criteria and all consented to enroll; they were randomly assigned to the experimental condition (n = 50) or to the SOC comparison condition (n = 50) (both described below) using a computerized randomization program. The study interviewer was blinded to the assigned study condition for all participants. Figure 1 depicts participant flow throughout the study from screening to follow-up. Inclusion criteria included being 18 years or older, identifying as male, and having engaged in anal sex (insertive or receptive) with another man in exchange (i.e., someone gave them) for money, goods, favors or gifts, as a way to generate income in the 3 months prior to screening. Individuals were excluded if they were unwilling to complete the written informed consent procedures, had participated in an HIV prevention intervention in the past year or identified as a hijra/transgender. Transgender individuals were not included in the current study, as it was determined in prior formative work that different intervention topics would be necessary for varied gender minority populations. All study visits were conducted at the National Institute for Research on Tuberculosis (NIRT) in Chennai, India. All study procedures were approved by the Institutional Review Boards and Ethics Committees at NIRT/ Indian Council for Medical Research (ICMR), Chennai, India and The Fenway Institute, Fenway Health, Boston, MA.
HIV Counseling and Testing (Standard of Care Condition)
Participants in both study conditions received HIV testing and counseling at baseline and at the 6-month follow-up study visit. HIV testing was conducted using Retroquic HIV Rapid card tests (Qualpro diagnostics, Goa, India). All reactive samples were tested by HIV Tri dot kit (J. Mitra & Co. New Delhi, India) for confirmation.
Experimental Intervention
The content, format, and structure of the intervention was informed by formative qualitative research [13] . Data collected during this formative phase included individual in-depth interviews with MSW and key informants from the MSM and MSW communities in Chennai as well as feedback from a peer community advisory board on the usability of the proposed technology components, which 
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were reported as easy to use. After the intervention manual was developed, it was tested in an open pilot trial with eight MSW. The experience of implementation, along with feedback garnered through exit interviews conducted with the participants, provided an opportunity for further refinement of the content, structure, and format of the intervention, which was now ready to be. In addition to HIV counseling and testing as described above, the intervention integrated two in-person and four mobile phone sessions with a trained, Masters-level (e.g., social work, psychology) counselor. The two in-person sessions took place in weeks one and three, and were between 30 and 60 min each in duration. Two of the four mobile phone sessions occurred in weeks two and four and lasted *15-20 min each. Two (*15-20 min each) ''booster'' mobile phone sessions were added in weeks 8 and 12 in order to reinforce and ''check in'' on the participants' integration of risk reduction skills learned during their initial sessions. The in-person sessions were designed to cover new material and facilitate in-depth discussions while the mobile phone sessions were shorter and emphasized review of participants' action plan for reducing sexual risk that was developed during their in-person session during the prior week.
The intervention also included a mobile messaging component. During the first in-person session, each participant randomized to the intervention arm was asked to choose seven brief text or voice messages from a list of sixteen, intended to remind them about their personal goals for sexual safety and dispute maladaptive thoughts as potential barriers to HIV risk reduction. For a 12-week period (post-randomization), daily messages were sent through an automated system to participants' mobile phones during a time they previously reported as a ''period of possible higher risk'' with male sex work clients. Participants had the option of receiving Tamil-script text messages or pre-recorded voice messages in Tamil.
Throughout the first in-person session, the counselor and participant discussed how to use condoms and lubricants, problems with condoms, alternative sexual activities and communicating with clients about condoms and sexual limits. Additionally, during this session they practiced how to negotiate condom use with their clients, even in the event should additional money be offered. At the end of this session, the participant developed an action plan, which detailed the steps that they would take to improve communication and condom negotiation with their sex work clients. During the second in-person session, the counselor and participant discussed reasons for and experiences with sex work and a review of HIV and STD transmission behaviors and ways to mitigate risk. Also discussed was the concept of ''triggers'' of CAS-including the environment/setting where sex work is done, type of clients, alcohol use, depressed mood, both sexual minority and sex work stigma, and self-esteem-and practiced strategies for managing these triggers. At the end of this session, the participant developed an action plan for managing their potential triggers for risky sex.
In the week following each in-person session, the mobile phone sessions were conducted and used to review the action plans, discuss challenges that participants had implementing their plans, put a back-up plan in place, and role-play potential scenarios and solutions.
Study Assessments
Participants completed three study assessment visits: (1) baseline (pre-randomization), (2) post-intervention which was when the final components of the intervention were complete for those who were assigned to the experimental condition (approximately 3 months after randomization for both study conditions), and (3) 6-month follow-up. Questions regarding sexual behavior with paying and non-paying partners, including our primary outcome of CAS acts with clients in the past month, were assessed using audiocomputer assisted self-interview (A-CASI) in order to reduce social desirability bias from interviewer administered assessments [14, 15] . Demographic and psychosocial characteristics were interviewer-administered.
Demographic and Psychosocial Characteristics
During their baseline visit, participants' age, education attainment, sexual orientation, relationship status, religion, alcohol use, and HIV status was assessed.
Primary Outcome
CAS Acts, a surrogate endpoint for HIV acquisition and transmission. Participants were asked about the number of times that they had anal sex without a condom with male clients and, separately, with non-paying male partners, in the past month. Consideration was given to assessing sex with men of a different HIV status, but our prior formative work and evidence in the literature suggests that sex workers rarely know the status of their clients, and therefore are unlikely to be able to report it accurately. Because this was a pilot trial, it was not powered to examine incident HIV and STIs as an outcome. The ultimate efficacy trial will be powered to examine difference in incident HIV/STIs between the study conditions.
Measures of Feasibility and Acceptability
Feasibility of study procedures and participant acceptability of the intervention were assessed by examining attrition for the follow-up study assessments visits, and, among those who were assigned to the intervention condition,
attendance at the individual and mobile phone sessions were examined. Intervention participants were also asked to rate their level of acceptability of the intervention on a 4-point scale (not acceptable, less acceptable, acceptable, and very acceptable).
Sample Size Calculation
As this was a pilot randomized controlled trial, the primary reason for conducting the study is to assess participant acceptability and feasibility of all study procedures; we were also interested in examining preliminary efficacy. The primary outcome for this study was number of CAS acts across the two study conditions. Analyses were conducted to assess the potential impact of the intervention by comparing the average number of CAS acts in the previous 3 months. A sample size was determined using the data from a study of MSW in India, in which more than half (53%) used condoms only ''sometimes or never'', with a mean number of 21 (SD = 24) transactional male sex partners in the past 3 months in which condoms were ''never'' used. Assuming a 30% or greater decline in the experimental condition, with 80 participant completers (50 enrolled per study condition to account for attrition), there would be an 80% chance of detecting a significant difference at a two-sided, 0.05 alpha level.
Statistical Methods
All analyses conducted were determined a priori. Means for continuous variables and frequencies for categorical variables were calculated to describe sociodemographic characteristics of the participants at baseline for the overall sample and stratified by randomization condition. T and Chi square tests were used to examine differences by study condition and assess balance of randomization on key variables.
Intent-to-Treat Analyses
We assessed the impact of the intervention on changes in number of distinct CAS acts with male clients and with nonpaying male partners in the past month over the course of the 6-month follow-up period. Because number of CAS acts is count data and was not normally distributed, we estimated mean counts to examine differences by intervention condition using mixed-effects models, specifying a Poisson distribution and log link with a random intercept and slope for month of follow up (baseline, 3 or 6 months). Additionally, in post hoc analyses, we used contrasts to examine differences in the change in mean CAS acts with male clients and male non-paying partners at each time point (baseline, 3 and 6 months) separately. All analyses were conducted in SAS (version 9.4) and were intent to treat.
Results
Baseline Characteristics
One hundred men who have sex with men in exchange (i.e., being given) for money, goods or other items of value were enrolled and randomized. Socio-demographic characteristics of the sample are summarized in Table 1 . The mean age was 27.7 years (SD = 9.1). The majority (77.0%) identified as kothi (an effeminate man who takes on a female gender role in same sex relationships, often with a desire to be the penetrated member in sexual intercourse), and 42% were single and 38% had a primary boyfriend/male partner. Eight-five percent were Hindu. While most (50%) completed secondary education or less, a large minority (31%) completed undergraduate college. Most participants (59%) had another source of personal income outside of sex work. Almost half (49%) reported alcohol use in the context of sex work. Only three participants were HIV-infected at baseline. These socio-demographic characteristics did not differ by the two study conditions, suggesting a balance due to randomization.
Feasibility and Acceptability
As depicted in Table 2 , of the 100 individuals who were enrolled and provided informed consent to participate, 98 completed 3-and 6-month follow up assessments, and 98 completed HIV testing and counseling at their 6-month follow-up visit. One participant moved out of the area and one participant was in a serious non-study related accident that changed his availability to participate. Of the 50 participants randomized to the intervention condition, 50 completed their in-person session 1 visit, and 48 (96%) completed all of the remaining in-person visits and four mobile phone delivered counseling sessions. Lastly, all participants who were assigned to the experimental intervention found it to be ''acceptable'' or ''highly acceptable.''
Primary Outcomes
Change in Condomless Anal Sex (CAS) with Male Clients
A reduction in reported number of CAS acts with male clients who paid them for sex in the past month was seen in both study conditions. As evidenced by the significant condition by time interactions in Table 3 , MSW in the intervention condition reported a faster rate of decline in the number of CAS acts with male clients in the past month from the baseline to both the 3-month (B = -1.20; 95% CI -1.68, -0.73; p \ 0.0001) and 6-month (B = -2.44; 95% CI -3.35, -1.53; p \ 0.00001) assessment visits compared to the SOC condition. At baseline, the number of CAS acts with male clients in the past month did not differ by study condition (7.7 vs. 7.8 for the intervention versus control conditions, respectively; p = 1.0), which provides evidence that randomization was successful at balancing the two study conditions. Notably, at 3 months, participants in the intervention condition reported 1.43 (SD = 0.29) CAS acts with male clients in the past month compared to 4.85 (SD = 0.87) in the control condition (p = 0.0003). At 6 months, the intervention condition participants reported 0.24 (SD = 0.09) CAS acts with male clients in the past month compared to 2.79 (SD = 0.79) in the control condition (p \ 0.0001) ( Table 4) .
Change in Condomless Anal Sex (CAS) with Male NonPaying Partners
Similarly, a reduction in reported the number of CAS acts with male non-paying partners in the past month was seen in both the intervention and control groups. Notably however, participants in the intervention condition reported a faster rate of decline in the number of CAS acts with male non-paying partners in the past month from baseline to 3-month (B = -0.35; 95% CI -0.75, 0.05; p = 0.092) and from baseline to 6-month (B = -0.96; 95% CI -1.63, -0.29; p = 0.006) followup assessments (Table 3) .
Specifically, at baseline, the number of CAS acts with male non-paying partners in the past month did not differ by condition [1.70 (SD = 0.35) vs. 2.27 (SD = 0.45) for the intervention condition versus the control condition, respectively; p = 0.304]. By 3-months, participants in the intervention condition reported 0.56 (SD = 0.13) CAS acts with male non-paying partners in the past month compared to 1.06 (SD = 0.22) in the control condition (p = 0.045). At 6 months, participants in the intervention condition reported 0.13 (SD = 0.05) CAS acts with male non-paying partners in the past month compared to 0Á47 (SD = 0.11) in the control condition (p = 0Á003) ( Table 4) . 
Discussion
The findings from this study provide preliminary evidence that a culturally-tailored, integrated in-person and mobile phone delivered counseling intervention has the ability to reach the desired population and can more effectively reduce HIV risk behaviors than SOC efforts (i.e., in-person HIV testing and counseling) alone. While HIV prevention programs in India exist, among MSM they are generally limited to condom distribution and educational outreach and are not contextually tailored to meet the specific needs of each subpopulation. This study was limited to being an initial pilot randomized controlled trial of a culturally-tailored intervention to reduce HIV and STI risk in MSW in India, with the goal of promoting sexual health in this population. However, these findings provide a background for a larger randomized controlled efficacy trial with longer follow-up to examine sustained intervention effects, which will have wider implications. Furthermore, this paper documents the feasibility of delivery and participant acceptability of a behavioral HIV prevention intervention integrating in-person and mobile phone delivered HIV risk reduction counseling, and daily, personalized text or voice messages as motivating ''cognitive restructuring'' cues for reducing CAS acts among MSW in India. Given the vulnerable nature of MSW in India as an invisible and underserved population and the fact that our formative work revealed that MSWs are connected via their mobile phones [13] , HIV prevention efforts must use innovative methods to access even the most difficult-to-reach groups.
The importance of reducing sexual risk among MSW is further emphasized as a result of the multiple roles of MSM in India. The constitutional illegality of same-sex intercourse, coupled with social stigma and discrimination, increases the pressure for MSM in India to marry women and have children. These men, at elevated risk for HIV infection, may serve as a bridge between heterosexual and homosexual populations or sex work clients and non-paying sexual partners in India. In prior studies from our group and others evaluating more than 3000 men attending STI clinics in Mumbai, we found that 25% reported prior sex with other men and all also had sex with women, and HIV prevalence among MSM married to women was comparably high as unmarried MSM [5] . Other studies in Chennai have found that 2-15% of non-gay identified men reported male-male sexual behaviors [16] [17] [18] [19] . Further research is warranted to understand the importance and multiple roles of MSM who engage in sex work as a potential ''bridge population'' in which tailored HIV prevention efforts are indicated.
This intervention was developed to be responsive to the changing profile of sex work in India, capitalizing on the widespread use of mobile phones by sex workers in this setting. Sex work has changed in light of expanded mobile phone capabilities, becoming more dispersed and spatially mobile in many developing countries, as opposed to being predominantly clustered in neighborhoods, streets, or brothels [10] . The strength of this intervention program is heightened by using a community based approach where the MSW were an integral part of developing the intervention curriculum. This included the format with regard to the type of interventions (e.g., SMS texts, voicemail recording), the structure (formative data revealed a strong desire to have a mix of both in-person and mobile phone delivered counseling sessions), the language used for the text and voice messages which were MSW friendly and in ''tanglish'' (a combination of Tamil and English) and the content of the messages, for example, ''Don't forget to use chocolate'' (colloquially ''chocolate'' means condoms). This helped maintain confidentiality in the messages received as it was a language only they understood.
This study is the first we are aware of that utilizes mobile phone technologies in the context of sexual health and HIV prevention among this risk group. The intervention was designed to be tested as an ''intervention package,'' examining the combined impact of the in-person and mobile phone delivered counseling on reductions in CAS. Even though the risk reduction skills learned, the individualized topics discussed, the plan for risk reduction finalized, et cetera, during the 2 in-person counseling sessions were woven back into the mobile phone delivered counseling sessions, there is the possibility that either one of these approaches alone could derive the same benefits yielded from the combination of the two tested in this study. Notably, the sexual risk analysis that included all three time points showed significant differences with respect to the intervention versus the control group in changes in the reported number of CAS acts with paying male clients in the past month. We provide further evidence that our intervention is feasible to deliver, highly acceptable to participants, and promisingly effective with respect to reducing HIV and STI transmission and acquisition among this population. Because pilot trials are notorious for producing unreliable effect size estimates [20] [21] [22] [23] [24] [25] [26] [27] , a larger, fully powered study testing intervention efficacy over a longer follow-up period to fully assess sustained effects is justified. Our approach to intervention development and testing was sequential, with the intention to tailor this intervention to the experiences and context of sex work among MSM in Chennai. Because of this, the intervention, if expanded for use with other populations at high risk for HIV and STIs, should be adapted to the specific needs of the population being reached.
Conclusions
The results from this study provide initial evidence that this intervention is effective in reducing sexual risk when compared to a standard of care comparison condition. Efficacy testing of this intervention in the context of a longer followup period is needed to have a more accurate estimate of the intervention effect overtime. From there, if successful, the potential expansion of this intervention as an alternative to standard of care HIV counseling and testing alone for high risk populations like Indian MSW would be recommended. The population of MSW in India face social and economic marginalization, and engage in sexual behaviors that may exacerbate HIV acquisition and transmission. Despite this, HIV prevention efforts for Indian MSW are lacking. Innovative and culturally and contextually informed approaches to addressing sexual risk among this group are urgently needed to curb HIV spread in India. 
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